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GPR35 

TbnVinipjil Fi eld of flie Invention 
The present invention primarily relates to function analysis of GPR35, an orphan 
5 6PCR (G protein coupled receptor), a screenii^ method to identify modulators 
(agomsts/antagonists) of the receptor, cells stably expressing the receptoi; and the discovery 
of modulators of the receptor. The present invention also relates to novel rat GPR35. 



"RflRkprrmi nd Art of the Invention 

10 G proteia coupled receptors are a large superfamily of integral membrane 

proteins, involved in a broad range of signaling pathwaj^. Most G protein-coupled receptors 
are characterised by 7 transmembrane-spanning hehoes, and are therefore also called 7- 
transmembrane receptors (7TMs). There are at least several hundred members of this 
family, which include receptors responding to a wide range of diGEerent stimuli, including 

15 peptides, biogeiuc amines, lipids, neurotransmitters, hormones, nucleotides, 
sugar-nudeotides, cytokines, etc. Structurally, the receptors of this family consist of an 
extracellialar amino terminal domain, seven membrane-spanning hydrophobic regions, six 
loop regions, three of which are extraceUvdar, the other three being intracellular, and an 
intracellular carboxy terminal domain. The hydrophobic regions show ooiisiderable 

20 homology between the dififerent members of this &mify, whereas the loop regions, as well as 
the amino and carboxy terminal domains, are quite diverse, showing high homology only 
amongst closely related receptor subtypes. 

G proteins are heterotrimeric complexes, containing an a, a p, a ysubimits in 
which a is bi^er than p and p is bi^er than y. At least 20 human genes are known to 

25 encode the GTP-binding a-subimits. Furiihermore, .there are at least 6 genes encoding the B 
-suburdts and at least 11 genes encoding ysubunits. 

The a-sub\mit family is divided into four subfamilies on the basis of their 

homobgy- 

(l) The Gs family is typically able to stimulate adenylate cyclase upon agonist binding to the 
30 receptor coupling to it^ and therefore lead to an increase in intraceUiilar cyclic AMP. 
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(2) The Gq family, which includes Gqa, Gil a, G14 a, G16 cx, lead to activation of 
phosphohpase C. 

(3) G12 and G13 appear to regulate classes of small molecular weight G proteins and Na^-H** 
exchange. 

5 (4) The Gi femily typically mediate inhibition of adenylate cyclase. More than half of the 
a-subunits are members of the Gi feunily and include the ubiquitously expressed and nearly 
identical Gil oc, Gi2 a and Gi3 oc, as weU as several with a limited egression, sudhasGzot, 
Goa and transdudn. 

Initiation of signal transduction cascades involving G proteins requires the 

10 binding of a hgand to a G protein-coupled receptor (GPCE). This results in the stabilisation 
of conformations of the GPCR that increases the rate of dissociation of the bound GDP from 
the nucleotide binding pocket of G a subunit of a G protein. Binding of GTP is thus allowed. 
With GTP bound, the G protein dissociates into GTP-G a and G|3y moieties and can hence 
regulate directly or otherwise the activity of several enzsnnes, which generate intracellular 

15 signalling molecules (e.g. cyclic AMP), or the probability of opening a range of ion channels 
(Gihnan, AG. (1987) Annu Rev. Biochem. 56, 614-649). FoIlQwing G protein activation, 
hydrolysis of boxmd GTP by intrinsic GTPase activity terminates its ability to regulate its 
effectors and leads to a-GDP reassodation with py. The G protein therefore serves a dual 
role, as a relay transmitting the signal from the receptor to the effector, and as a dock that 

20 controls the duration of the signal Therefore, depending on which GPCR couples to which 
G protein, very diGEerent iniaracellular effects can resxdt, e.g. stimulation or inhibition of 
adenylate cyclase, leading to increased or decreased cyclic AMP concentrations in the cells, 
opening of ion channels, etc. . 

GPCEs are very important targets for pharmaceutical intervention. Many 

25 agonists and ants^nists of the GPCRs of known functions are important for the treatment 
of diseases. Examples include but are not limited to, pi-adrenergic receptor ants^nists 
used for treating hypertension, angina and heart fcdlure, dopamine D2 antagonists xised for 
the treatment of schizophrenia, and p2-adrenergic receptor agonists used for the treatment 
of asthma. Over the past 15 years, nearly 350 therapeutic agents targeting GPCRs have 

30 been introduced onto the market, and it is estimated that aroimd 30% of clinically prescribed 



wo 2005/085867 



PCT/IB2005/000382 



drugs function as eitiier agonists or antagonists at GPCRs. 

Therefore, it is likely that amongst the orphan receptors, there are further 
therapeutic targets which can play a key role in treating or preventing diseases or 
dysfunctions, including, but not limited to, pain, cancers, obesity, eating disorders, 
5 hypertension, hj^otension, heart failure, inoontiQence, asthma, chronic bronchitis, angina, 
ulcers, psychotic and neurobgical disorders, viral infections including HIV-1 or HIV-2, other 
infections, inflammatory conditions, sexual dysfunction, urc^nital disorders, and many other 
disorders, diseases or dysfunctions. It is therefore clearly highly desirable to find the 
ph3^siological function for each GPCR 
10 However, it is not at aU easy to find the physiological function for each GPCR as 

discussed below. 

The conserved structure and l^drophobicity profile of this receptor family has 
allowed the identification and cloning of some members of this family, both through donii^ 
experiments, e.g. degenerate polymerase chain reaction or cDNA Hbrary screeniag with 

15 probes derived fix)m GPCR sequences using low stringency, and through bioioformatic mining 
of sequence databases. For many of these receptoris, it is yet imdear what their functions are. 
These receptors are referred to as "orphan receptors". Through detailed analysis of their 
sequences and comparison with the sequences of GPCBs with known hgands, hypotheses can 
be generated as to the class of ligands that the orphan receptor may respond to. 

20 However, these predictions are ofi^n tenuous, and it is stiU difScult to identify the 

ligand that such an orphan receptor may respond to. This ia mainly because stimxilation of 
GPCRs can lead to a multitude of different intracellular eJBfects, which are mediated through 
the coupling to different G proteins. The G proteins in turn act on a whole range of 
signalling proteins, including phospholipase C, adenylate cyclase and ion channels, and 

25 thereby initiate a cascade of events in the cells. 

It is difScult to predict teom the sequence of the GPCR which G protein it will 
couple to, and in some cases the resulting intracellular effects are difiGLcult to measure. 
Furthermore, the usual host ceUs used for heterologous expression of cloned GPCRs only 
egress certain G proteins. Therefore, if the G protein that the orphan GPCR couples to is 

30 not expressed in these cells, the binding of an agonist to this receptor will not have a 



wo 2005/085867 



PCT/IB2005/000382 



measurable effect, making it unlikely that one could find the agonist^) for the GPGR in such 
a sjrstem. It is therefore necessary to engineer specialized host cell lines, expressing various 
heterologous G proteins, to enable the establishment of host cell systems that can lead to 
measurable responses for many of the different GPCRs. 
5 With regard to GPR35, there are several artides that report nucleotide and/or 

amino add sequence of human and/or mouse GPRSS. Howevei; none of them reveals 
specific physiolc^cal function of GPR35. All that has been previously disclosed merely 
presimiiis that GPR35 is a GPCEt 

"Discovery of three novel G-protein-coupled receptor genes (ODowd BF et al. 

10 Genomics 47 (2), 310-313 (1998))" discloses cDNA and amino add sequences of human 
GPR35. However, this report merely assxmies the GPR35 is a GPGR Needless to say, it 
does not mention any physiological function of the GPR35. Northern blotting was employed 
to determine tissue distribution. However, in rats, GPR35 expression was detected in the 
intestine but not in the heart, spleen, livei; lui^, ovary, Mdne^i; nor whole brain. In humans, 

15 the e3q>ression was not detected in the caudate-putamen, thalamus, firontal cortex, midbrain, 
lung, nor adrenal The expression in the DRG, dorsal horn, or spinal cord which is closely 
related to a neural activity, was therefore not detected. 

"Genetic variation in the gene encodii^ calpaia 10 is associated with type 2 
diabetes mellitus (Horikawa Y et al. Nat. Genet 26:163-175 feOOO))" discloses the doning of 

20 mouse GPE35 gene. In this articLe, however, genes and SNPs located in the NIDDMl 
region on chromosome 2 (which is suspected of relating to NIDDM), were examined at 
random to verify the linkage (association) between the disease and SNPs, in order to identify 
genetic elements related to non-insuhn dependent diabetes mellitus (NIDDM) also known as 
type 2 diabetes. Although this article provides the findings that the GPR35 gene is located 

25 in the NIDDMl region and that there are a number of polymorphisms of himian GPE35, it 
did not mention specific physiological functions of GPR35 nor lead to a positive conclusion 
concerning its relationship with NIDDM. 

Since the sequences of human GPR35 and mouse GPR35 are known, some 
biotechnology companies may prepare antibodies or knockout animals according to the 

30 consignment and, in general, the nondisclosure agreement These can be employed only as 
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reseaxch tools, but does not daiify the functions by themselves. 

The inventors of the present invention overcame these difficulties and disclosed 
specific plxTsiological fimctbn of GPR35. 

Brief Disclosure of tb *^ TnvftTitinTi 
The present invention encompasses the following non-limiting aapects. 
Qne aspect of the present invention is; 

a method of screening for a compound that modulates a GPR35 protein, comprising the step 

o£ 

(a) contacting a GPR35 protein or a partial polypeptide thereof with a test compoimA 

The GPE35 protein or the partial polypeptide thereof used in the screening 
method of the present invention can exist in cells or a membrane firaction. 

The screening method of the present invention can be used to screen compounds 
that modulates neural activity and/or digestive system. 

In the screening method of the present invention, test oompoxmd can consist of a 
plxirahty of compoimds. In this case, what is determined is whether these compo\mds can, 
as a combination, modulate a GPR35 protein. 

In the screenii^ method of the present invention, a GPR protein or a partial 
polypeptide thereof of the following can be used; 

(a) a polypeptide having the amino acid sequence of sequence ID. 2, 4, or 6, 

(b) a polypeptide having the same amino acid sequence as the polypeptide of (a) except that 
one or more amino acids are deleted, substituted, or added, 

(q) a polypeptide having an amino acid sequence that has at least 80% identity to the the 
polypeptide of (a), 

(d) a polypeptide having an amino add sequence that has at least 90% identity to the the 
polypeptide of (a), 

(e) a polypeptide havii^ an amino acid sequence that has at least 98% identity to the the 
polypeptide of (a), and 

(0 a human GPE35 protein, a mouse GPR35 protein, or a rat GPR35 protein. 
Another aspect of the present invention is; 
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a method of screening for a compound that inhibits the binding of a ligand to a GPR35 
protein, comprising the steps o£ 

(a) contacting a GPE35 protein or a partial polypeptide thereof with the ligand, 

(b) contacting a GPI135 protein or a partial polypeptide thereof prepared in the substantially 
5 same maimer as the one used in the step (a) with the ligand prepared in the substantially 

same maimer as the one used in the step (a), in the presence of a test compound, and 

(q) comparing the results of the step (a) and the step (b) to determine whether the binding of 

the ligand is afEected by the presence of the test compotmd. 

In this screemng method of the binding assay, a detectable label can be boimd to 
10 the ligand, and tiie step (c) can comprise the step of comparing the detected amoimt of label 
in the step (a) and the detected amoxmt of label in the step (b). 

In this screening method of the binding assay, the ligand can be selected from 
zaprinast, an analogue thereof or a mimetic thereof 

Another aspect of the present invention is a screening method for agonists or 
15 antagonists of a GPR35 protein by functional assay. 

In the screeniag method for agonists or antagonists of a GPR35 protein by 
functional assay, the functional response to be observed can be, for example, the increase of 
intracellular caldxmi concentration. 

One aspect of agonist screening by fimctLanal assay is; 
20 a method of screening for a oompoimd that is an agonist of a GPR35 protein, comprising the 
steps o£ 

(a) adding a test compound to cells expressing a GPR35 protein or a partial polypeptide 
thereof or to a membrane fraction from the cells, and 

(b) detencdning whether a functional response is observed. 

25 One aspect of antagonist screening by functional assay is; 

a method of screening for a compoimd that is an antagonist of GPR35 protein, comprising the 
steps o£ 

(a) adding an agonist to cells ej^ressing GPR35 protein or a partial polypeptide thereof or to 
a membrane fraction from the cells, 
30 Ob) adding an agonist prepared in the substantially same manner as the one used in the step 

6 
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(a) and a test compound to tiie cells or the membrane prepared in the substantially same 
manner as the one xisedin the step (a), and 

(c) comparing a functional response in the step (a) and one in the step (b) to determine 
whether the functional response is reduced by the test compoimd. 
5 In this screening method of the binding assay, the agonist can be selected from 

zaprinast, an analogue thereof or a mimetic thereo£ 

Another aspect of the present invention is use of zaprinast, an analogue thered^ or 
a mimetic thereof as a modulator of a GPR35 protein. 

Another aspect of the present invention is an isolated and/or purified polypeptide 
10 of one of the following, 

(a) a polypeptide having the amino acid sequence of sequence ID. 2, 

(b) a polypeptide having the same amino acid sequence and the same kind of activity as the 
polypeptide of (a) except that one or more amino adds are deleted, substituted, or added, 

(c) a polypeptide having an amino add sequence that has at least 86% identity to the 
15 polypeptide of (a), 

(d) a polypeptide having an amino add sequence that has at least 90% identity to the 
polypeptide of (a), and 

(e) a polypeptide havii^ an amino add sequence that has at least 98% identity to the 
polypeptide of (a). 

20 Another aspect of the present invention is a transformed cells that expxess the 

above mentioned polypeptide and an antibody immunospecific for the above mentioned 
polypeptide. 

Another aspect of the present invention is an isolated and/or purified 
polynudeotide that encodes the above mentioned polypeptide. 
25 Another aspect of the present invention is a an isolated and/or purified 

polynudeotide of one of the following, 

(a) a polynudeotide having the nudeotide sequence of sequence ID. 1, 

(b) a polynudeotide that is capable of hybridizing under stringent conditions to a 
polynudeodide having a nudeotide sequence complementary to the nudeotide sequence of 

30 the polynudeotide of (a) and that encodes a polypeptide having the same kind of activity as 

7 
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the polypeptide encoded by the polynucleotide of (a), 

(c) a polts^ucleotide having a nudeotide sequence that has at least 90% identity to the 
polynucleotide of (a), 

(d) a polynucleotide having a nucleotide sequence liiat has at least 95% identity to the 
5 polynucleotide of (a), 

(e) a polynucleotide having a nudeotide sequence that has at least 98% identity to the 
pdynudeotide of (a), and 

(0 a polynudeotide that encodes any of polypeptides (A) - (Ej) below; 
(A) a polypeptide having the amino acid sequence of sequence ID. 2, 
10 (B) a polypeptide having the same amino add sequence and the same kind of activity as the 
polypeptide of (A) except that one or more amino adds are deleted, substituted, or added, 
(C) a po^eptide having an amino add sequence that has at least 86% identity to the 
polypeptide of (A), 

CD) a polypeptide having an amino add sequence that has at least 90% identity to the 
15 polypeptide of (A), and 

CE) a polypeptide having an amino , add sequence that has at least 98% identity to the 
polypeptide of (A). 

Another aspect of the present invention is an expression vector oontainii^ the 
above mentioned polynucleotide. 
20 Another aspect of the present invention is transformed cells that stably express 

any of following polypeptides; 

(a) a polypeptide having the amino add sequence of sequence ID. 2, 4, or 6, 

(b) a polypeptide having the same amino add sequence and the same kind of activity as the 
polypeptide of (a) except tibat one or more anuno adds are deleted, substituted, or added, 

25 (c) a polypeptide having an amino add sequence that has at least 80% identity to the 
polypeptide of (a), 

(d) a polypeptide having an amino add sequence that has at least 90% identity to the 
polypeptide of (a), and 

(e) a polypeptide having an amino add sequence that has at least 98% identity to the 
30 polypeptide of (jaD. 
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Another aspect of the present is a novel compounds that can be identified by any 
of the above mentioned screening method. 

Another aspect of the present is a medicament for use to modulate GPE35 activity 
comprising a compoxmd that can be identified by any of the above mentioned screening 
5 method. Non-limiting examples of the modulation of GPR35 activity indude modulation of 
neural activity and modiilation of digestive ^^m. In particulai; such a compoxmd can be 
selected from the group consisting of the following compounds; 
2Tnethyl-5TphenylT)yrazolo[l,5-a]pyrinudin-7(4H)-one, 
3-(47-dihydro-l-methyl"7-oxo-3i>ropyl-lH-pyrazofo[4,3-d]pyri^ 
10 ropanoic acid, 

3-[3-(4,5"dihydro-3-metiiyl-4-oxo-l-propyl-lH-pyra2olo[3,4-d]pyrini^ 
]]"2-propenoic add, 

2,4-dihydro"2-methyl-5-l2-te-methylpropo3Qr)-5-(lH^»traTO 
yrazolo[4,3"d]pyrimidin-7-one, 
15 2,4-dihydro-2Tnethyl-5-|3-(2-methylpropoxy)-5-(lH-l,2,3-^^ 
H-Pyra2iolo[4, 3-d]pyrimidiQ-7-one, 
5-(2-ethoxypheny])-l,4-dihydro-7H-l,2,3-Triazolo[4,^ 

3-(4,7-dihydro-7-oxo- lH-1,2, 3-tEiazolo[45-d]pyrimidin-5-yl)-4T)ropox3rben2©nesulfo^^ 
chloride, 

20 3-(4,7-dihydro-7-oxo-lH-l,2,3-ttiazolo[4,5-d]pyrimidin-5-yD 
5-Nitro-2-(3-phenylpropylamino)benzoic add, 
2-Cyano-4-hydro:^dndole, 

2-(2-Propoxyphenyl)-8-triQuoromethylpurin-6-one, and 

6T)henyl-l-^henyhnethyl)-lH-Bis[l,2,3]triazolo[l,5-a:4^5*-e]pyrim 
25 Another aspect of the present invention is use of a compound that is identifiable 

by any of the above mentioned screening method to modulate GPR35 activity. Non-limiting 

examples of the modulation of GPR35 activity indude modulation of netural activity and 

modulation of digestive system. 

Another aspect of the present invention is a method of modulating GPR35 activity 
30 by administering a compound that can be identified by any of the above mentioned screening 
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method. Non-^limiting examples of the modulation of GPB35 activity include modulation of 
neiural activity and modulation of di^stive system, 

nefiniiions 

5 The terms "homologue" as used herein with regard to polypeptide refers to a 

polypeptide having a certain homology with a reference polypeptide. Such a homologue can 
have a homology of preferably, 80% or 85%, more preferably, 90% or 95%, even more 
preferably 98%. Such a homologue includes a polypeptide havii^ otherwise the same 
amino add sequence as a reference polypeptide except that one or more (preferably, several) 

10 amino adds are added/substituted/deleted. Such a homologue indudes a fragment of a 
polypeptide. 

The terms "homologue" as used herein with regard to polynudeotides refers to a 
polynudeotide having a certain homology with a reference pdtynudeotide. Sudi a 
homologue can have a homobgy of preferably, 80% or 85%, more preferably, 90% or 95%, 

15 even more preferably 98%. Such a homologue iadudes a polynudeotide that encodes a 

homologue of a polypeptide that a reference polynudeotide encodes. Such a homologue also 
indudes a polypeptide that is complementary to a polynudeotide capable of hybridizing xmder 
stringent conditions (e.g. 65^0 and O.lxSSC {lxSSC=0.15M NaCl, 0.015M Naa dtrate pH7.0}) 
to a reference polynudeotide. Such a homologue also indudes a pol3niudeotLde fragment or 

20 partial polypeptide. 

Sudi sequence homology identity) can be easily assessed by pubhdy or 
commerdally available bioinformatics software, such as Blast2 (Altschul, S.F. et al (1997) 
Nud. Adds Res. 25, 3389-3402), or programs induded in the GCG software package 
(Devereux et al (1984) Nud. Adds Res. 12, 387; Wisconsin Padcage Version 10, Genetics 

25 Computer Group (GCG, Madbson, Wisconsin), such as Bestfit or Gap. 

The term "analogue" as used herein relates to any substance whidi is similar in 
structure to a reference agent (e.g. Zaprinasi^. As \ised herein, the term "mimetic" relates to 
any substance which has the same kind of activity or effect as a reference agent 
(e.g.Zaprinast). 

30 The term "modulator of a receptor" as used herein refers to any substance whidi 

10 
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has an direct or indirect effect on the receptor. The term "agonist of a receptor" refers to a 
substance which can stimnlate the receptor. The term "antagonist of a receptor" refers to a 
substance which can inhibit the stimxilation of the receptor by an agonist. 

The term "functional response" as used herein refers to the reaction that^ for 
example, stimxilatLon of a receptor leads to in ceDs. In the case of G-protein coupled receptors, 
this can include, for example, a change in the concentration of cyclic AMP, a transient rise in 
intracellular calcium concentration, or an opening of an ion channel 

The term "compound" as used herem refere to any chemical entity, indudiag but 
not limited to a small organic moleciile, a peptide, a protein, a modified protein such as a 
glycoprotein or a hpoprotein, antibodies or fragments thereof, a nudeic add such as DNA or 
ENA or modified nucleic adds, such as oligonudeotides with a modified backbone. 

The term "isolated and/or purified" polynudeotide/polypeptide as used hereia 
refers to any polynudeotide/polypeptide that is not in a natural condition. Therefore, 
"isdated and/or purified" pdynudeotide indudes the case in which only a promoter or an 
enhancer of an endogenous polynudeotLde is modified keeping the pol/nudeotide intact 

Sequence T listing 

Sequence IDs. 1 and 2 respectively show a cDNA nudeotide sequence and an 
amino add sequence of rat 6PR35. 

Sequence IDs. 3 and 4 respectively show a cDNA nudeotide sequence and an 
amino add sequence of human GPR35. 

Sequence IDs. 5 and 6 respectively show a cDNA nudeotide sequence and an 
amino add sequence of rat GPR35. 

Sequence IDs. 7-23 show nudeotide sequences of primers used in examples. 

TOgTAn.TCH nEScaEOPnoN of the invention 

The present invention is described in further detail below. 



Screening method 

GeneraQy, the screening method of the present invention is; 

11 
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a method of screening for a oompoimd that modulates a GPR35 protein, comprisii^ the step 
o£ 

(a) contacting a GPR35 protein or a partial polypeptide thereof with a test compoimd. 

The screening method can he, but is not Kmited to, a screening method by binding 
assay or functional assay. Typical but non-limiting example of a modulating compound is an 
agonist or an antagonist. 

The GPR35 protein or the partial polypeptide thereof used in the screening 
method of the present invention can exist in cells or a membrane fraction. Thus, a sample 
of GPR35 may comprise (l) transformed cells prepared as described below, or (2) oeDs 
naturally expressing GPR35, or (3) membrane preparations prepared from any cells 
e:q)ressing GPR35, or (4) GPR35 protein enriched or purified from such cells or membranes. 
The skilled person will be well aware of methods that can be used to enrich or purify GPK35, 
which include affinity chromatography, size exclusion chromatography, ion exchange 
chromatography and other methods suitable for the separation of protein from complex 
mixtures. 

Tfest compoimds that are employed in the screening method of the present 
iQvention include, for example, peptides, proteins, non-peptide oompoimds, synthetic 
compoxmds, microbial fermentation products, marine oi^anism extracts, plant extracts, cell 
extracts, and ^riimal tissue extracts. These test compounds may be either novel or known. 

Compounds that may be used for screeniag include, but are not limited to, peptides 
such as, for example, soluble peptides, including but not limited to members of random 
peptide libraries; (see, e.g., Lam et aL (1991) Nature 354, 82-84; Houghten et aL (1991) Nature 
354, 84-86) , and combinatorial chemistry-derived molecular library made of D- and/or 
L-configuration annuo adds, phoBphopeptides (including, but not limited to, members of 
random or partially degenerate, directed phosphopeptide libraries; see, e.g,, Soi^ang et aL 
(1993) Cell 72, 767-778), antibodies Onduduig, but not hmited to, polydonal, monodonal, 
humanized, anti-idiotypic, chimeric or single chain antibodies, and Fab, F(ab02 and Fab 
egression library fragments, and epitope-binding fragments thereof, and small organic or 
inorganic molecules. 

Peptide libraries may be used as a source of test compounds that can be used to 

12 
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screen in the methods cf the invention. Diveraity libraries, such as random or comhinatoiial 
peptide or noi^epiide Hbraiies can be screened fia: molecules that specifically bind to a GPR35 
protein. Many libraries are known in the art that can be used, e.g., chemically ^thesized 
libraries, recombinant (e.g. phage display libraries), and in ra/iro translation-based libraries. 

Examples of chemically synthesized libraries are described in Fodor et aL (1991) 
Sdence 251, 767-773: Houghten et aL (1991), Nature 354. 84-86; Lam et aL (1991), Nature 
354» 82-84; Medyndri (1994D Bio^echndtogy 12, 709-710; Galbp et aL (199^, J. Medicinal 
Chemistry 37. 1233-1251; OMmeyer et aL (1993), Proc. Naa Acad. ScL USA 90, 10922-10926; 
Erb et aL (1994), Proc. NatL Acad. ScL USA 91, 11422-11426; Houghten et aL (1992) 
Biotechniques 13, 412; Jayawickreme et aL (1994), Proc. Natl. Acad. ScL USA 91, 1614-1618; 
Sabnon et aL (1993) Proa NatL Acad. ScL USA 90, 11708-11712; PCT Publication No. WO 
93/20242; and Brenner and Lemer (1992) Proc. Na^ Acad. ScL USA 89, 5381-5383. 

Examples of phage display libraries are described in Scott & Smith (1990) Science 
249:386-390; Devlin et aL (1990) Sdence 249, 404-40K Clhristian, et aL (199^, J. MoL BioL 
227, 711-718; Lenstra (1992) J- ImmunoL Meth. 152, 149-157; Kay et aL (1993) Gene 128, 
59-65; and PCT Pubbcation No. WO 94/18318 dated Axasast 18, 1994. 

By way of example of nonpeptide bbraries, a benzodiazepine Hbrary (see e.g. Bunin 
et aL (199^, Proa NatL Acad. ScL USA 91, 4708-4712) can be adapted for use. Peptoid 
bbraries (jSimon et aL (1992) Proa NatL Acad. ScL USA 89, 9367-9371) can also be used. 
Another example of a library that can be used, in which the amide fimctionabties in peptides 
have been permethylated to generate a chemically transformed combinatorial library, is 
described by Ostresh et al. (1994) Proc. Natl. Acad. ScL USA 91, 11138-11142). 

Screening the libraries can be accomplished by any of a variety of commonly 
known methods. See, e.g., the following references, which disclose screenii^ of peptide 
bbraries: Parmtey & Smith (1989) Adv. Exp. Med. BioL 251, 215-218; Scott & Smith (1990) 
Sdence 249. 386-390; Fowlkes et aL (199^ BioTechniques 13, 422-427; Oldenburg et aL 
(1992) Proc. NatL Acad. Sd. USA 89, 5393-5397; Yu et aL (19940 Cell 76, 933- 945; Staudt et aL 
(1988) Sdence 241. 577-580; Bock et aL (1992) Nature 355, 564-566; Tuerk et aL (1992) Proa 
NatL Acad. Sd. USA 89, 6988- 6992; Ellington et aL (1992) Nature 355, 850-852; US. Patent 
Na 5,096, 815, U.S. Patent No. 5.223,409, and US. Patent No. 5,198.346, all to Ladner et aL; 
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Rebar & Pabo (1993) Science 263, 671-673; and PCT Publication No. WO 94/18318, 

Compounds that can be tested and identified using the methods described herein 
can indude, but are not limited to, compoimds obtained from any commercial source, 
including Aldrich (lOOl West St. Paul Ave., Milwaukee, WI 53233), Sigma Chemical (P.O. 

5 Box 14508, St Louis, MO 63178), Pluka Chemie AG Cindustriestrasse 25, CH- 9471 Buchs, 
Switzerland (Fluka Chemical Corp. 980 South 2nd Street^ Ronkonkoma, NY 11779)), 
Eastman Chemical Company, Eine Chemicals OP.O Box 431, Kingsport, TN 37662), 
Boehringer Mannheim GmbH OSandhofer Strasse 116, D'68298 Mannheina), Takasago (4 
Volvo Drive, Eoddeigh, NJ 07647), SST Corporation (635 Brighton Eoad, Clifton, NJ 07012), 

10 Ferro (ill West Irene Eoad, Zachary, LA 70791), Eiedel- deHaen Aktlengesellschaft (P.O. 
Box D-30918, Seelze, Germany), PPG Industries Inc., Pine Chemicals (One PPG Place, 34th 
Floor, Pittsburgh, PA 15272). Further any kind of natural products may be screened using the 
methods of the invention, including microbial, fungal, plant or animal extracts. 

Furthermore, diversity libraries of test comi)ounds, indudiD^ smaU molecule test 

15 compounds, may be utilized. For example, libraries may be commerdally obtained from Specs 
and BioSpecs B.V. ORijswijk, The Netherlands), Chembridge Corporation (San Diego, CA), 
Contract Service Company (Dolgoprudny, Moscow Region, Russia), Comgenex USA Inc. 
(Princeton, NJ), Maybridge Chemicals Ltd. (Cornwall PL34 OHW, United Kingdom), and 
Asinex (Moscow, Russia). 

20 Still ftirthermore, combinatorial library methods known in the art, can be utilized, 

including, but not limited to* biological libraries; spatially addressable parallel solid phase or 
solution phase KbrariesJ synthetic library methods requiring deconvolution; the "one-bead 
one-compoimd" library method; and synthetic library methods using afBnity chromatography 
selection. The biological library approach is limited to peptide libraries, while the other foxir 

25 approaches are applicable to peptide, non-peptide oligomer or small molecule libraries of 
compounds (Lam (1997) Anticancer Drug Des. 12, 145). Combinatorial libraries of test 
compounds, induding small molecule test compounds, can be utilized, and may, for example, 
be generated as disclosed in Echler & Houghten (1995) MoL Med. Today 1, 174-180; Dolle 
(1997) MoL Divers. 2, 223-236; and Lam (1997) Anticancer Drug Des. 12, 145-167. 

30 Examples of methods for the ^thesis of molecular libraries can be found in the 

14 
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art, for example in: DeWitt et aL (1993) Proc. NatL Acad. ScL USA 90, 6909; Erb et aL (199^ 
Proa NatL Acad. Sd. USA 91, 11422; Zuckermann et aL (199^ J. Med. Chem. 37, 2678; Cho 
et al. (1993) Science 261, 1303; Carren et aL (1994) Angew. C!hem. Int. Ed. EngL 33, 2059; 
Carell et aL (1994) Angew. Chem. Int. Ed. EngL 33, 2061; and Gallop et aL (199^ J. Med. 
Caiem. 37, 1233. 

libraries of compounds ms^be presented in solution (e.g. Hot^ten (1992) 
Bio/Techmques 13, 412-42D, or aa beads (Lam (l99l) Nature 354:82-84), chips (Fodor (1993) 
Nature 364^ 555*556), bacteria (U.S. Patent No. 5,223,409), spores (Patent Nos. US 5,571,698; 
US 5,403,484; and US 5,223,409), plasmids (Gull et aL (I992i) Proc. NatL Acad. ScL USA 89, 
1865-1869) or phage (Scott and Smith (1990) Science 249, 386-390; Devlin (1990) Science 249, 
404-406; Gwirla et aL (1990) Proc. NatL Acad. ScL USA 87, 6378-6382; and Felici (1991) J. 
MoL BioL 222, 301-310). 

Screening the libraries can be accomplished by any of a variety of commonly 
knovm methods. See for example the fonowin^ references, which disclose screening of peptide 
libraries: Parmley & Smith (1989) Adv. Exp. Med. BioL 251, 215-2ia Scott & Smith (1990) 
Science 249, 386-390; Fowlkes et aL (1992) BioTechniques 13, 422- 427; Oldenburg et aL 
(1992) Proc. NatL Acad. ScL USA 89, 5393-5397; Yu et al. (1994) Cell 76, 933-945; Staudt et aL 
(1988) Sdenoe 241, 577-580; Bock et aL (199^ Nature 355, 564-566; Tuerk et aL (1992) Proc. 
NatL Acad. Sd. USA 89, 6988-6992; Ellington et aL (1992) Nature 355, 850-852; U.S. Patent 
No. 5,096,815, U.S. Patent No. 5,223,409, and U.S. Patent No. 5, 198,346, aO. to Ladner et aL, 
Eebar & Pabo (1993) Science 263, 671- 673; and PCT Publication No. WO 94'18318. 

Another aspect of the present invention is; 
a method of screening for a oompoimd that inhibits the binding of a ligand to a GPR35 
protein, oompiisii^ the steps o£ 

(a) contacting a GPR35 protein or a partial polypeptide thereof with the ligand, 

(b) contacting a GBPR35 protein or a partial paibnpeptide thereof prepared in the substantialbr 
same manner as the one used in the step (a) with the ligand prepared in the substantially 
same manner as the one used in the step (a), in the presence of a test compoimd, and 

(c) comparing the results of the step (a) and the step (b) to determine whether the binding of 
the ligand is affected hy the presence of the test compound. 

15 
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In this screening method of the binding assay, a detectable label can be bound to 
the ligand, and the step (d) can comprise the step of comparing ihe detected amount of label 
inthestep(a)andthedetectedamountaflabelinthe8tep(b). For example, ligands labeled 
with ^ m. "C, Kgands labeled with fluorescent compounds such as fluorescein, or 
ligandslabdedmth enzymes such as horseradish peroxidase can be used as a labeled ligand. 
Alternatively, these labeled ligands can be prepared according to perse known methods. 

Another aspect of the screening method of the present invention is a screening 
method fiar agonists or antagoniste of GPR35 by functional assay 

One aspect of the agonist screening of the present invention is; 
a method of screening far a compound that is an agonist of a GPR35 protem. comprising the 
steps o£ 

(a) adding a test compound to cells expressing a GPR35 protein or a partial polypeptide 
thereof or to a membrane fraction from the cells, and 

(b) determining whether a functional response is observed. 
One aspect of the antagonist screening of the present invention is; 

amethod of screening fbracompoundthatis an antagonist of GPR35 protein, comprise 

steps o£ 

(a) adding an agonist to cells expressing GPR35 protein or a partial polypeptide thereof or to 
a membrane fraction from the cells, 

(b) adding an agonist prepared in the substantially same manner astheoneusedinthestep 
(a) and a test compound to the cells or the membrane prepared in the substantially same 
manner as the one used in the step (a), and 

(<0 comparing a functional response in the step (a) and one in the step (b) to determining 
whether the functional response is reduced by Ihe test compound. 

With regard to the agonist/antagonist screening method described above, in a 
preferred aspect of the invention, the functional response can beatransient rise in 

intracellular calcium concentaration, measured by using fluorescent dyes such as Fluo-3 or 
Indo-lor by other means knowntothe person sldUedin the art; in another preferred aspect of 

the invention, the fonctional response is an increase in tiie rate of respiration of the cells as 
30 measuiedbyanincreaseintherateofacidificationofthemediumsurromidingthecellsas 



25 
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measined by microphysioinetry. In yet another preferred aspect of the invention, the 
functional response is an increase or decrease in the cyclic AMP concentration or increase in 
the calcium concentration in the cells, as measured e.g. by increased activity of a reporter 
gene product wherein the coding region of the reporter gene is functionally linked to a 

5 promoter comprising at least one cyclic AMP response element or one element that can 
respond to the mEfnal transmission that is associated with the iacrease of the intracellular 
caldum concentration. Other methods to measure changes in cyclic AMP concentration or 
caHnm concentration in cells are well known to the person skilled in the art In a further 
preferred aspect of the invention, cells are transfected with a plasmid or plasmids leading to 

10 co-expression of GPR35 and GFP-p-arrestin complex, and an agonist of the receptor is 
identified by observii^ clustering of fluorescence, ie. GFP-p-arrestin complex, on the ceU 
surfece. Suitable cells e^ressing GPR35 can be, for example, selected trom ceDs naturally 
express!!^ GPR35, cells where the expression of GPR35 has been upregulated, or cells that 
has been transfected to express GPE35. 

15 

TranafofiHnTi 

The transfectants of the present iuvention can be prepared by the following 
non-limiting methods. 

AcDNAor genomic DNAthat encodes the GPR35 protein can be used to construct 
20 an e:q)ression vector that comprises a DNA encoding the GPR 35 protein. A DNA that 
encodes a partial polypeptide having the substantially same kind of ligand-bindLag activity 
as the GPR35 protein can also be used A cDNA or genomic DNA that encodes a known or 
novel GPI135 protein can be used as weU as a synthetic DNA Specifically, for example, a 
DNA that encodes the GPR35 protein having the amino acid sequence represented by SEQ 
25 ID No. 2, 4, or 6 can be used An example of such a DNAis a DNAhaving a base sequence 
represented by SEQ ID No.l, 3, or 5. These DNAs can also be prepared by known gene 
engineering techniques. 

As an expression vector, for example, pcDNAB.l, pAKKO-111, pAKKO-lllH, 
pXTl, pRC/CM\^ pRC/RSy etc. can be used As a promoter, any one which functions 
30 efiBdently in a host cell can be used, for example, SV40 promoter, CMV promotei; HSV-TK 

17 



wo 2005/085867 



PCT/IB2005/000382 



promotei; SEa promoter, ESV promoter, etc can be used. In addition, it is preferable to use 
the expression vector further containing an enhancer, splicing signal, poly A addition signal, 
selective marker, etc. The selective marker includes dflbydrofolate reductase genes, 
neomycin resistance genes (G418 resistance), and the hke. 

5 The preferred ejqpression vector holding a DNA encoding the GPR3 6 protein of the 

present invention is a vector that is inserted with an above-mentioned promoters (in 
parfciculai; SRa promotei; CMV promoter, RSV promotei; etc.) upstream of the DNA 
encoding the GPR35 protein, a poly A addition s^al downstream of the DNA, a selective 
marker such as neomydn resistance gene or DHFR gene downstream of the poly A addition 

10 fflg nalj and an ampicillin resistance gene downstream of the selective marker. More 
specifically, an expression vector that comprises a CMV promoter upstream of a DNA that 
encodes human, rat or mouse GPE35 protein, a poly A addition signal downstream of the 
DNA, a neomycin resistance gene downstream of the poly A addition si^al, and an 
ampiciUin resistance gene downstream of the selective marker is preferable. By the 

15 introduction of thus obtained expression vector holding a DNA encoding the GPR35 protein 
to a host cell, a cell that highly expresses the GPB35 can be obtained. 

As to host cells, human embryonic kidney 293 CEIEK293) cells (Exp Physiol, 75(3): 
809-319 (1990)) and CHO cells (J. Exp. Med., 108: 945 (1995)) are preferred. The HEK293 
cells and CHO cells can not only highly express the GPR35 protein but also remarkably 

20 stabfer egress it. Preferable combination of an expression vector and host cells can be 
optimally chosen. For example, the combination of the expression vector represented by 
hGPR35/pcDNA3.1 and the CHO cells is preferable. For the introduction of an expression 
vector to host cells, any known method such as calcium phosphate transfection CWrology, 52: 
456-467 (1973)), electroporation (BMBO J., i: 841-845 (1982)), commercially available 

25 transfection reagents (for example, FuGENE6 Tkaiasfection Eeagent by Roche), and the like 
can be used. 

The ceDs highly expressing the himian GPR35 receptor protein may be prepared 
by first selecting a transformant &om the cells ti'ansfected with the above-mentioned 
expression vector using a selective marker as an indicatoi; followed by clonal selection. 
30 When a neomycin resistant gene is used, the resistant cells may be selected by continuous 
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incubation with addition of G418 to multiply the transgene in the cells, thereby yielding 
much more expressing cells. 

In the incubation of the cells (host cells and transfected oeUs (regardless of 
transient or stable expressiaxx» used in the present invention, 0.5-20% fetal calf serum 
EUVDEM, DMEM, RPMI1640, MEM-oc, and tiie like may be used. Particularly, when an 
ejqpression vector containing a neomjrcin gene as a selective marker is used, it is preferable to 
\ise a DMEM medivim containing G418/geneticin/neomycin and fetal calf serum. The 
preferred pH is at approximately 6 to & The incubation is visually carried out at about 
30-40 *C for a period of about 15 to 200 hours, if required with aeration, agitation, and 
exchange of the culture medium. 

Despite considerable difiBcultLes, the Liventors finally constructed animal cells 
that continuously and stably egress GPR35 after all their commitment and effort Such 
ceUs are indispensable research tool for Ir^h through put and large scale screeniug (for 
example, HTS). Preparation of such a transfectant is explained in detail in EXAMPLES. 

Antibody 

The present invention fuirther provides antibodies immunospedfic for the rat 
GPR35 proteia. The antibodies may be obtained by adniiiiistering the polypeptides or 
epitope-bearing fragments, analogs or cells to an animal, preferably a non-human animal, 
accordiag to known techniques. For preparation of monoclonal antibodies, any technique 
which provides antibodies produced by continuous cell line cultures can be used. Examples 
indude the hybxSdoma technique (Kbhlei; G. and Milstein, C, Nature (1975) 256:495-497), 
the tnoma technique, the himian B-cell hybridoma technique (Kbzboret aL, Immunology 
Tbday (1983) 4.72) and the EBV-hybridoma technique (Cob et aL, Monodbnal Antibodies and 
Cancer Therapy 77-96, Alan K liss, Inc., 1985). Tfedbniques for the production of single 
chain antibodies, such as those described in U.S. Pat. No. 4,946,778, can also be adapted to 
produce single chaia antibodies to polypeptides of this invention. Also^ transgenic mice, or 
other organisms, indudiug other mammals, may be used to express humanized antibodies. 
The above-described antibodies may be employed to isolate or to identify dbnes eiiqpressing 
the polypeptide or to purify the polypeptides by aflBmity chromatography. Antibodies 
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against polypeptides of the present invention may also be employed to treat the diseases, 
amongst others. 

Me^ >J>l Tnriiration 

5 Compounds of the present invention (namely, compounds that modulated GPR35 

protein (GPB modulator)) can be used to modulate GFR35 protein and hence modtilate 
neurotransmission in the nervous systems (or spinal cord) so as to treat a variety of 
nexizological disorders (for example, GNS disorders). Non hmitii^ examples of such 
conditions are pain, anxiety, convulsions, cognition disorders, obesit;^ schiziophrenia, 

10 neurodegeneration, depression, attention deficit hyperactivity disorder, mania, memory deficit, 
eating disorders, Parkinson's disease, Himtington's disease, Alzheimer's disease, amyotrophic 
lateral sderosis, drug addiction, bipolar disorders, arcadian rhythm disorders, migraine, 
sexual c^sfimctions, sleep disorders and eating disorders, urinary diseases, etc. 

Furthei; compoimds of the present invention (namely, compoimds that modulated 

15 GPR35 protein (GPR modulator)) can be used to modulate GPR35 protein and hence 
modxilate digestive sj^tem so as to treat a variety of disease conditions. Non limiting 
examples of such conditions that can be treated by the agonism of GPR35 are functional 
dyspepsia, Irritable Bowel Syudrome (IBS), diarrhea, eating disorders, emesis. Non limiting 
examples of such conditions that can be treated by the antagonism of GPR35 are 

20 gastro-esophageal reflux disease, Barrett's esophagus, esophageal achalasia, functional 
d3^pep8ia, gastroparesis, postoperative ileus, Indtable Bowel Sjnidrome OBS), constipation, 
eating disorders, non-cardiac chest paia (NCCP), bronchial asthma (BA), bronchitis, and 
chronic cough (&>t BA, bronchitis, and chronic cough, those caused by reflux of stomach 
content are particulaxly assimied). 

25 TaxLcLty and therapeutic efficapy of such compounds can be determined by 

standard pharmaceutical procedures in cell cultures or ^cperimental animals, e.g. for 
determining the ID50 (the dose lethal to 50% of the population) and the E3D50 (the dose 
therapeutically effective in 50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic index and it can be expressed as the ratio LD50/ED50. 

30 Compounds that exhibit large therapeutic indices are preferred. While compounds that 
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exhibit toxic side efiEects may be used, care should be taken to design a ddiveiy system that 
taints such oompotmds to the site of a£fected tissue in order to minimize potential damage to 
iminfected cells and, thereby, reduce side effects. 

The data obtained ficom the cell culture assays and animal studies can be used in 
5 formula t ing a range of dosages for use in humans. The dosage of such compounds lies 

preferably within a range of circulating concentrations that include the ED 50 with little or no 
toxicity. The dosage may vary within this range dependiag upon the dosage form employed 
and the route of adtnimstration utilized. For any compound used ia the method of the 
invention, the therapeutically effective dose can be estimated initially from cell culture assays. 

10 A dose may be formulated ia animal models to achieve a drciilating plasma concentration 
range that includes the IC50(L e. the concentration of the test compoimd which achieves a 
half-maximal inhibition of sjmiptoms) as determined in cell ctdture. Such information can be 
used to more accurately deterininexiseM doses in humans. Levels in plasma may be 
measured, for example, by high performance liquid chromatography. 

15 Pharmaceutical compositions for use in accordance with the present invention may 

be formidated in conventional manner using one or more physiologically acceptable carriers or 
exdpients. 

Thus, tiie compoimds and their physiologically acceptable salts and solvates may 
be formulated for admirdstration by inhalation or insufflation (either through the mouth or 

20 the nose) or oral, biKX^ parenteral or rectal administration. 

For oral administration, the pharmaceutical compositions may take the form o^ for 
example, tablets or capsules prepared by conventional means with pharmaceutically 
acceptable exdpients such as binding g^nts (e.g. pregelatirdsed maize starch, 
polyvinylpyrrohdone or hydroxypropyl methylcellulose); fiQers (e.g. lactose, microcrystaUine 

25 cdlulose or caldimi hydrc^n phosphate); lubricants (e.g. m^nesixma stearate, talc or silica); 
disintegrants (e.g. potato starch or sodixmi starch glycolate); or wettii^ agents (e.g. sodium 
lauryl sulphate). The tablets may be coated by methods well known in the art. liquid 
preparations for oral adroinistration may take the form o£ for example, solutions, syrups or 
suspensions, or they may be presented as a dry product for constitution with water or other 

30 suitable vehicle before use. Such liquid preparations may be prepared by conventional means 
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wibh phaimaceutically acceptable additives such as suspending agents (e.g. sorbitol i^ynqp, 
cellulose derivatives or hydrc^nated edible &ts)> emulsijgdng agents (e.g. lecithin or acacia); 
non-aqueous vehicles (e.g. ahnond oil, oily esters, ethyl alcohol or ficactionated vegetable oils); 
and preservatives (e.g. methyl or propyl-p- hydroxybenzoates or sorbic add). The 
5 preparations may also contain buffer salts, flavoring, coloring and sweetening agents as 
appropriate. 

Preparations for oral administration may be suitably fixrmulated to give controlled 
release of the active compound. 

For buccal administration the compositions may take the form of tablets or 
10 lozenges formidated in conventional manner. 

For administration by inhalation, the compoimds for xise according to the present 
invention are conveniently delivered in the form of an aerosol spray presentation fix>m 
pressurized packs or a nebulizer, with the use of a suitable propeUant> e.g., 
dichlorodifluoromethane, tdchlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or 
15 other suitable gas. In the case of a pressurized aerosol the dosage unit may be determined by 
providing a valve to deliver a metered amount. Capsules and cartridges of e.g. gelatin for use 
in an inhaler or insufflator may be formulated containing a powder mix of the compoimd and 
a suitable powder base such as lactose or starch. 

The compoxmds may be formulated for parenteral administration by injection, e. g. 
20 by bolus icgection or continuous infusion. Formulations for injection may be presented in imit 
dos£^ form, e.g. in ampules or in mxdti-dose containers, with an added preservative. The 
compositions may take such forms as suspensions, solutions or emulsions in oily or aqueous 
vehicles, and may contain fbrmulatory agents such as suspending, stabilizing and/or 
dispersing agents. Alternatively, the active ingredient may be in powder form for constitution 
25 with a suitable vehicle, e.g. sterile pyrogen-free water, before use. 

The compounds may also be formulated in rectal compositions such as 
suppositories or retention enemas, e.g. containing conventional suppository bases such as 
cocoa butter or other glycerides. 

In addition to the formulations described previously, the compounds may also be 
30 fbrmidated as a depot preparation. Such long acting formulations may be administered 
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implantation (for example subcutaneoualy or intramuscularly) or by intramuscular injection. 
Thus, for example, the compounds may be formulated with suitable polymeric or hydrophobic 
materials (for example as an emulsion in an acceptable oil) or ion exchange resins, or as 
sparingly soluble derivatives, for example, as a sparingly soluble salt 
5 The compositions may, if desired, be presented in a pack or dispenser device 

which may contain one or more unit dosage forms containing the active ingredient The 
pack may for example comprise metal or plastic foil, such as a blister pack. The pack or 
dispenser device may be accompanied by instructions for adnunistration. 



10 EXAMPLES 

The present invention is e^lained more specifically by examples below, which do 
not limit the scope of the invention. 

Example i: Q ipinal Hlnninfrnf human GPR35 

15 A full-length cDNA of human GPR35 was isolated &om human Standard Mixed 

DRG cDNA library (LIFE TECHNOLOGIES; 11649-019, Lot No: 80160b) based upon the 
known sequence of human GPR35 protein using very well-known technology. Compared 
with the published seqxience of GPR35 (accession number; AF027957), the done had three 
missense mutations (TIOSIV^ R174A, and R294S) that seemed to be SNPs (the substitutions 

20 were registered in databases independently. See also Nat Genet., 26^163*175 (2000)). The 
nucleotide sequence of the clone is shown in sequence ED. 3 and tiie amino acid sequence of 
the polypeptide encoded by the clone is shown in sequence ID. 4. This was used as template 
DNAfor following experiments to construct expression vectors for human GPR35. 



25 Example 2« Constni H^n" nf an TCvpT^g gion'Vfectar of FLAG-tagged himMn GPRSS 

A cDNA of FLAG-tagged hvmian GPE35 was generated by PGR using two 
primers of sequence ID. 7 and sequence ID. 8. The former primer contains JEhdRI site and 
the latter primer Xbal site. The PCR was performed using Advantage-HF2 PCR Kit 
(CLONTECH; K1914-1) with the following program: 94 ""C &r 4mm; 30 cycles of 94 ^^C for 20 

30 sec, 50 ^'C for 30 sec, 72 °C for 90sec; 72 ''C for 4 min. The PGR product was purified by High 
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Pure™ PCJR Product Purification Eat (Roche 1732 676). The purified PGR product was 
digested with 20 U of IkxSI (NEB; ROIOIS) and 20 U o£Xbal (NEB; R0145S) in IxSuRE Cut 
Buffer H (Boche) at 37 °C for 2.5 hr. A mammalian ejqpression vector, pcDNA3.1(+) 
Onvitrogen; V790-20) was also digested in the same manner. The samples were 
5 electrophoresed with 1% agarose gel, and desired fragments were gel-puidfied using DNA 
PREP CIATRON; AGC-OOIK). Digested pcDNA3.l(+) was treated with "Alkaline 
Phosphatase, shrimp" ORoche; 1 758 250 ) at 37 °C for 1 hr. The enzyme was then 
inactivated at 65 °C for ISmin. The treated pcDNA3.l(+) and hmnan FLAG-GPR35 
firagments were ligated using Rapid DNA Ligation Kit (Eloche; 1 635 379). Then, One Shot 

10 TOPIO Qiemically Competent E. coli (C4040-03) was transformed using 4 |j1 of the reaction 
mixture. About 200 transformants were obtained, and 16 colonies were picked up to check 
by PGR usi n g universal primers, T7 and BGH reverse. Four clones were checked by DNA 
sequencing. The DNA sequencing was performed by TOYOBO Gene Analysis using T7 and 
BGH reverse primei; and the data were analyzed by GENETYX-WIN version 4. Finally, 

15 two of the properly constructed clones were obtained and used for fiirther experiments. The 
plasmid map of this vector is shown in Figure 1. 

Example 3^ Cionstruction of an Emresaion Vector of Native human and mouse GPR35 

A pcDNAS.l (+) expression vector containing a cDNA of native (namely, 

20 not-tagged) human GPR35 was constructed hy the substantially same method as those 
described above. Primers used for PGR were the primer of sequence ID. 9 (5* primer) and 
the primer of sequence ID. 8 (3' primer). The former primer contains .SfccRI site and the 
latter primer JC&al site. The plasmid map of the vector is shown in Figure 2. Similariy, a 
pcDNAS.l (+) expression vector oontainii^ a cDNA of native mouse GPR35 was constructed. 

25 Primers used for PGR were the primer of sequence ID. 10 and the primer of sequence ID. 11. 
Mouse bone marrow total RNA was used for cloning. 



T^lYflT^flpl^> dz Cloning of rat GPR35 and Sequencing thereof 

Tb identify and clone rat GPR35 that has not been published, RTPCR 
30 e3q)eiiments were performed, lb generate first-strand cDNA templates for RT-PCR, 5 $ig of 
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Rat Colon Tbtal RNA (CLONTECIL #64066-1) was reverse-transcribed by SUPERSCRIPT 
PreampMcation Systems (GIBCO BRL/Invitrogen) according to the attached protocol lb 
amplify rat GPR35 by RT-PCR> a 5' primer of Sequence ID. 12 and a primer of Sequence ID. 
13 was used. These primers were designed according to nucleotide sequences of mouse 
5 GPR35 (accession number; BC027429). Mixtures for PGR were prepared using LA Taq 
with GC Buffer n (TaKaRa; RR02AGd according to 'general reaction mixture for PGR' 
described in the attached protocol PGR was performed under the following condition- 94 °C 
for4mia;35cycJesof94^Gfiar20sec,50**Cfor30sec, 72°Gfbrlmin;72°Cfor4 After 
PGR, 10 pi of the samples were separated by electrophoresis. Although non-specific 

10 amplifications were also observed, PGR product with expected size was obtained. The 
fi:agment with e>q)ected size was gel-purified uising DNA Prep OATRON,* AGG-OOIK) and 
TA-doned usiag TOPO TAl Gloniag Eit (Invitrogen; K4500-01). Plasmids &om the several 
independent dones were purified using QIAprep Spin Miniprep Kit (QIAGEN; #27106), and 
they were sequenced by TOYOBO Gene Analysis using T7 primer and M13 reverse primer. 

15 Determined sequences were analyzed by GENETYX-SV/R version 5.2 (GENETYX) and 
BLAST Search. The dones (plasmids) contained 921-bp GRP. The nudeotide sequence of 
the done is shown in sequence ID. 1 and the amino add sequence of the polypeptide encoded 
by the done is shown in sequence ID. 2. Analysis by BLAST Search revealed that it encodes 
polypeptide that is most similar to the mouse and human GPR35. Homology of rat GPR36 

20 was 72% to human GPR35 and 85% to moxise GPR35 in amino add sequence. Homology of 
rat GPR35 was 78% to human GPR35 and 89% to mouse GPR35 in nudeic add sequence. 
Therefore, we conduded that the 921-bp ORF was rat GPR35 gene, lb determine error-fi«e 
rat GPR35 gene, several independent experiments were performed. 

25 "PWrgmplft 5: Construction of an Ebroression Vectar of rat GPR35 

lb prepare insert for mammalian e3q)ression vector for rat GPR35, PGR was 
performed usiag Advantage HF2 PGR Kit (CLONTECH; K1909-1). TA-doned error-firee 
rat GPR35 was used as a template for the PGR Two primers xised for the PGR were 5' 
primer of Sequence ID. 14 and 3* primer of Sequence ID. 15. Conditions for the PGR were 

30 as follows: 94 ^'C for 4 min; 30 qydes of 94 ^C for 20 sec 50 **C for 30 sec, 72 ^'C for 1 nun; 72 ^'C 
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for 4 min. The JGragments in the PGR products were separated by electrophoresis and 
extracted by DNA Prep. The gel-purified PCJR firs^ents were digested by 20 U of jgbdEtl 
and 20 U otXboI in IxSuRECut Bufifer H (Roche), and ligated into £ix)BI-Xbdi sites of 
pcDNA3.l(+). Several single clones were checked by DNA sequencing CTOYOBO Gene 
Analysis). For large-scale preparation of the plasmid, EndoFree Plasmid Maxi Rit 
(QIAGEN; 12362) was used. 

EiXample 6» TVnnaient Tcanafection 

HEK293 cells were maintained in DMEM Cbivitrogen; 11965-084) supplemented 
with 10% FBS and penidllin/streptomycin. Expression vectors of FLAG-ta^ed human 
GPE35 (FLAG-hGPR35), native human GPR35, and rat GPR35 were prepared as described 
above. These ^ression vectors as well as expression vectors (cloned in pcDNAB 
(Lavitrogen)) of chimeric G proteins (Gqs5, Gqi5 and Gqo5) and Gal6. were used for 
tranafection of HEK293 cells. Uransfection of HEE293 cells was performed using PuGENE 
6 Transfecfcbn Reagent (Roche; 814 443) according to the attached protocol 

'Rynmplft 7: Stable Transfection 

Commercially available GBO-Gal5-NFAT p-lactamase cells were maintained in 
DMEM (Livitrogen 11995-065) siapplemented with 10% FBS (Biowhittaker 14-502F), 0.1 
mM NEAA Cinvitrogen 11140 050), 1-0 mM Na-pyruvate dnvitrogen 11360-070), 25 mM 
HEPES dnvitrogen 15630-080), 3 pg/ml blastiddin HCl dnvitrogen E210-01), 100 jjg/ml 
zeocan dnvitrogen R250-01) and penidllin/streptomycin dnvitrogen 15140-122). About 6 x 
10^ cells were transfected with 4.5 fig of human GPR35-expression vector using ISfol of 
lipofectamine 2000 dnvitrogen 11668 019). One-day after transfection, the cells were 
harvested and re-suspended in a mediimi prepared by further supplementing DMEM above 
with Img/ml G418 dnvitrogen 11811-031). The oeDs were seeded into T75 flask (Coming 
430641) at a density of 1 x 10^ cells/flask and incubated for 11 days in CO2 incubator. The 
stable cells were stimulated with 10 pM of zaprinast (Sigma Z0878) overnight, and selection 
of zaprinast-sensitive cells was performed on Fluorescence Activated Cell Soiier 
(FACSVantage SE; Becton Dickinson). For sorting, a substrate of p-lactamase was 

26 
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prepared by mixiiig CCF4 Onvitrogen K1028) with pluronic F127 (Invitrogen K1026), PBS 
O Cbrsdtrogen 14190-144) and probenecid (Sigma P8761) just before use. The response to 
zaprinast on each sortBd call was confirmed by p-lactamase assay and Ca assay. Thus, 
stably-expressing human GPR35 cell line was established. 

5 

Exampte 8> latraceflular Calcium MnhiliTOf jon Assay 

TWo days after transfection, the cells were washed twicie with Hanks' Balanced 
Salt Solution (GIBCO BRU 14175-095), and loaded with 5 pM Fura 2-AM (DOJINDO; 
343-05401) in Hanks' BalaiKsed Salt Solution containmg Pluronic F-127 (0.05 %v/v; SIGMA; 

10 P-2443) for 1 hour in CO2 incubator. After the incubation, the cells were harvested by 
centrifiigatiqn and suspended in Hanks' Balanced Salt Solution (GIBCO BKL; 14025-092) 
(this solution contains calcium chloride, magnesium chloride, and ms^esium sulfate) at a 
density of I'-SxlO^ ceUs/mL Cell suspension (90 (d) was dispensed to 96-well plates 
(COSTER; 390"^. Addition of 10 |j1 of the test oompoimds and measurement of intracellular 

15 cakium mobilization were performed with FDSS6000 (Hamamatsu Photonics). 

Example 9- Western Blottuig 

lb confirm expression of FLAG-hGPR35, 1.5 x 10^ cells were dissolved in 150 pi of 
Tris-SDS-BME Sample Loading Buffer (Owt ER33) and analyzed by western blotting 

20 analysis, 20 pi of the samples were loaded to READY GELS J (BIO-RAD; 161J391) and 
separated by electrophoresis in IWs/Glydne/SDS Buffer (BIO-RAD; 161-0732) at 200 volts 
for 30 min. Proteins were blotted to PVDF membrane (MLinPORE; IPVH304FO) at 15 V 
for 30min, and the blotted membrane was blocked by TBS buffer (150 mM Nad 20 mM 
Tris-HCL* pH7.5) containing 1.2 % bovine albumin (SIGMA; A-7030) for 30min. The 

25 membranes were incubated in 1,000-fold diluted ANTI-FLAG M2 Monoclonal Antibody 
(SIGMA; F-3165) for 1 hour and washed with TTBS buffer (TBS buffer containii^ 0.1% 
'IWeen20) three times. ..Membranes were incubated in 500-fold diluted anti-mouse IgG-HRP 
(IMMUNOTEGH; 0817) as secondary antibody and washed with TTBS bxaffer three times. 
FLAG-GPR35 was visualized by ECL Western blotting detection reagents (Amersham 

30 pharmada biotech; RPN 2209), and the signals were detected by IMAGE READER 
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LAS-1000 Pro version 2.0 (FUJI PHOTO FILM). 

Exa rnpla 1 0: Screemnfi f fnrA^riiRts for human GPR35 

lb screen agonists for GPR35, we prepared HEK293 cells transiently 
5 co-expressing FLAG-ta^d human GPR35 (FLAG hGPRSS), chimeric G proteins (Gqs5, 
Gq^5 and GkioS) and a promiscuous G protein (Gal6). After the cells were loaded with Fura 
2'AM (calcium indicator), intracellular Ca^ mobilization evoked by addition of 10 pM of 
compoimds was detected with FDSS6000 by the method described above. About 1,000 
compoimds were screened, and we discovered that zaprinast induced intracellular Ca^ 
10 mobilization in the co-transfectant. It had no such effect observed in parental HEK293 
cells. 

As a result of the screening of variotis compounds, besides Zaprinasl^ the following 
compounds were identified to induce intraoelltilar Ca^ mobilization in the co-transfectant. 



Identified oompound (r^rence) 


EC50(pM) 


2-methyl-5-phenyl-pyrazoloI1,5-a]pyrimidin-7(4H)-one (Journal of Oiganic Chemistry 
(1959). 24, 779-86) 


2 


3-(4,7<lihydfD-lHTielhyl-7K»<o-3-propyl-1HH5yrarolo[4,3<0pyrir^ 

enepropanoic acid (Cell Pathways, Inc., USPAT No. 6200980) 


~3 


3-|3-(4,5-dihydro-3-nfiethyl-4-oxo-1-propyl-1 H-pyra20lo[3,4-cQpyrimidlrv€-yl>4-prDpo9^ 
henyl]-2-propenoic add (Cell Pathways. Inc., USPAT No, 6200980) 


0.80 


2,4<iihydr^>2-methyl-5^2-(2-^TlethyIp^opoxy)-5-(1H4etrazol-5-yl)-3-^^yridinyl]^ 
H-Pynazolo[4,3-d]pyrimidin-7-one (Pfizer Limited, WO 20010271 12) 


1.6 


2,4-dihydro-2-methyJ^2-(2-nrjethylpropo)y)-5-(1 H-1 ,2,3-triazol-4-yl)-3-pyridinyl|-3iDrop 
yl-7H-Pyra2olo[4.3-dlPyrimidin-7-one (Pfizer Limited, WO 2001 0271 1 2) 


0.50 


5-(2-ethoxyphenyl)-1 ,4-dlhydrD-7H-1 ,2,3-Trlaa)to[4,5-d]pyriiTiidin-7-one (May and 
Baker Ltd.. USPAT No. 3987160) 


1.4 


3-(4,7-dihydro-7-oxo-1 H-1 ,2,3-triazolo[4,5<Qpyrimidin-5-yl)-4-propoxy-ben^nesulfonyl 
chloride (May and Baker Ltd.. USPAT No. 3987160) 


0.30 
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3-(4,7-clilTydn>7-oxo-1 H-1 Z3-triazolo[4,5-cOpyrimldjr>6-yl)-4i3ropoxy4)er^ 
mide (May and Baker Ltd., USPAT No. 3833822) 


0.68 


5-Nitro-2-(3-phenylpropyIamino)benzolc add (Hoechst A.-G., USPAT No. 4994493) 


2 


2-Cyano-4-hydroxyindoIe (Leiand Stanford Junior University, USPAT No. 5229412) 


2 


2-(2-Propo}^henyl)-8-trifluoromethylpurin-6-one (Smith Wine and French 
Laboratories Ltd.. USPAT No. 5073559) 


0.30 


6-phenyl-1-(phenylmethyl)-1 H-Bis[1 ,2,3]triazolo[1 ,&a:4',5'-e]pyrimidin-4(5H>one 
(MDP] Product Ust, commercially avaiable MDPI) 


0.24 



Table 1: identified compounds 



lb confirm the agonistic activity of zaprinast, we tested dose dependencies of the 
responses in the co-transfectants by the same method. In the co-transfectant^ intracellular 
5 Ca^ mobilization was induced by the compoimd dose-dependently while HEK2g3 cells 
co-expressing only the chimeric G proteins and Gal6 (mock) showed no response (Figure' 3) 
to the compoimds. The expression of FLAG-hGPR35 in the co-transfectant was confirmed 
by western blotting (data not shown). We also confirmed the agomsm of zapxinast for native 
hGPR35 (Figure 3). 

10 

Example 11 : r^fiTTma tiDn of the On iiplinprnf rSTOJlR 

We also examined which G protein(s) was/were coupled to GPR35 using zaprinast. 
When FLAG-hGPR35 was co-expressed wilii Gqi5, Gqo5 (these are commercially available) 
or Gal6 in HEK293 cells, intracellular calcium mobilization was induced by zaprinast 
16 (Figure 4). On the other hand, the response was not observed in either co-transfectant of 
Gqs5 and FLAG-hGPE35 or transfectant of FLAG-hGPR35 alone (Figure i>. The 
expression of FLAG-hGPR35 in the co-transfectant was confirmed by western blotting (data 
not shown). These data suggest that human GPR35 couples to God, Goo, and Gkxl6. 



20 



Example 12' Intracellular Calcimn Mo Hiliy^tnnn Assay using rat GPR35 



lb confirm agonist activity of zaprinast for rat GPR35, HEK293 cells transiently 
co-expressing rat GPR35 and Gqi6 (chimeric G protein) were prepared, and challenged with 

29 
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zapiinast by a method described above (Figure 5). Zapiinast showed a moderate agonistic 
activily for himian GPH35 Onean EC50 value = 1136 nM} but showed surprisingly high 
agonistic activiiy for rat GPR35 Gnean EC50 value = 21 nM,). Tcansfectant expressing 
Gqi5 alone (mock) did not respond to zaprinast (Figure 5). Tiransfectant expressing GPR35 
5 alone also did not respond to zaprinast (data not shown). 

Evfiiiriplft 13r Comparative ESxperii^f^ftyf. to Clrmirrm. Menbariiam 

Zaprinast is a weU-known FDE5 inhibitor (BIOORG MED CHEM LETT (1996) 6 
(15), 1819-1824 and EUR J PHAEMACOL (2001) 411, MO). In the experiments above, 

10 Zaprinast showed its activiiy only when a GPE35 protein and an appropriate G protein are 
co-expressed Therefore, it is understood that the above activity of Zaprinast is mediated by 
GPR35. However, just for further clarification, self-devetoped compound (hereafter 
referred to as compoimd A) that is a strong PDE5 inhibitor dts chemical formula is 
3-ethyl-5-{5-[(4-ethylpiperazino)sidphony]]-2-propoxyphenyl}-2-(2^ 

15 -2H-pyrazolo[4,3-dIpyrimidin-7-one. IC50 value against PDE5 is 540nM for zaprinast and 
only O.SnM for the compound A Compound A is disclosed in Xenobiotica (2001), 31(8-9), 
651-664 and 665-676) was used for the caldum mobilization assay. As a restdt, the 
compound A, unlike Zaprinast did not show an agonistic activity (Figure 6). This confirms 
that Zaprinast showed the activiiy via GPR35 protein. This was also confirmed by a 

20 comparative experiment that compared an activiiy of Zaprinast and the compound A using 
spinal cord as described below. 

Example 14- Electtophvaiological Experiment 
Spinal cord preparation 

25 Transversely sliced spinal cord preparation was obtained &om an adult rat by a 

method already described in an article (Nakatsuka, et aL Alteration in synaptic inputs 
through C-aSerent fibers to substantia gelatinosa neurons of rat spinal dorsal horn during 
postnatal development Neurosdence, 99, 549-556, 2000). Briefly, male adult 
Sprague-Dawley rats (200-350 g; 7-8 weeks old, SLC) were anesthetized with urethane (1.5 

30 g/kg, ip.). Afi;er laminectomy, Ixmibosacral spinal cord was removed and transferred into ice 

30 
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cold Krebs solution (l-3^C) pre-equilibrated with 95% 02/5% CO2. The composition of the 
Krebs solution was (in mM): 117 NaO, 3-6 KC31, 2.5 CaCOa , 1.2 MgPk , 1.2 NaBb PO4 , 25 
NaH(X)3 and 11 glucose. The pia was removed after cutting all the ventral and dorsal roots 
near the root entry zone. The spinal cord was moimted on a microsKcer CDTK-3000W, 
5 Dosaka EM Co. Ltd., Kyoto, Japan) and then a transverse sUce (500 pm thick) was cut. The 
shoe was placed on a nylon mesh in the recording chamber of about 0.5 ml volimie. The cut 
slice was continuously 8iq[)erfused at a flow rate of 18-2Qm]/min witii the Krebs solution in 
95% O2 / 5% CO2 , pH 7.2, for pre-incubation floi^r than Ihi; 36*1 ^'C). The institutional 
animal care and use committee approved the experimental procedure. 

10 Patch damp recordings 

Substantia gelatinosa OSG) neim)ns were identified by their bcation in the 
preparation by a method in previously-reported article (Ybshimura and, Nishi Blind 
patch-damp recordings from substantia gelatinosa in adult rat spinal cord slices- 
pharmacological properties of synaptic currents, Neurosdence, 63, 519*526, 1993). Briefly, 

15 under a binocular stereomicrosoope and with transmitted iQimunation, the SG neim)ns were 
clearly discemable as a translucent band. Blind whole-cell recordings were performed from 
SG neurons with patch pipettes which had tip resistance of 8"10 MQ when the pipettes were 
filled with the solution containing (in mM): 135 K-gluconate, 5 KGl, 2 MgCk, 0.5 CaCl2, 5 
EGTA, 5 HEPES, and 5 ATP. Each recordii^ was performed on a cell in a fresh slice 

20 without prior application of any drugs, except some experimente. Signals were gained with 
a patdx-damp amplifier (Axopateh 200B, Axon Instruments). Data were low-pass filtered 
at 2 kHz, digitized at 333 kHz with an A/D converter, stored and analyzed with a personal 
computer using the software of pCLAJyiP (Version 9.0, Axon Instruments), Axograph (Version 
4.6.2, Axon Lostrvmiente) and Origin (Version 6.1, Microcal). AU experimente were 

25 performed to isolate exdtatory postsynaptic currente (BPSCa) at the holding potential (Vh) of 
-^70 my at which GABA and glydne-mediated synaptic currente were negligible. Miniature 
EPSCs GnEPSCs) were recorded in the presence of 2 jjM tetrodotbxin (TTJO. 
Application of drugs 

An tested compounds were apphed through the bath sdution by exchanging the 
30 perfusion solution at a flow rate of 14- 18 ml/min. Zaprinast was purchased fi:om Sigma CSt 

31 
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Louis, MO, USA) and TTX was purchased from WAKO (Japan). The above mentioned self 
developed compound A was provided by medicinal chemists at Pfizer Sandwich Laboratories. 
Dflfji flnalym fl and statistics 

Data analyses were performed with the help of detection program of synaptic 
5 ciirrents in the Axograph software. The events that posses the shape of a rapid rise followed 
by a slow decay and the i>eak exceeded -3 or -4 pA were identified as mEPSCs to be analyzed. 
Each selected synaptic current was visually inspected to eliminate detection errors. 
Changes of the inter-event interval and amplitude of mEPSCs were evidenced with the help 
of ciunulative histograms of these parameters, and ascertained with the 

10 Kblmogorov-Siiurnov test. For this test, P < 0.01 was taken to be statistically significant. 
Data were presented as mean ± SEM. 
Besult: Effect of zaprinast on ml^PRCs 

Regarding to the effects of zaprinast on mEPSCs in SG neurons of the spinal cord, 
zaprinast (10 \M) inhibited the firequency of the niEPSCs (Fig. 7). Pigs. 7B and 7C 

15 demonstrate the effects of zaprinast (10 pM) on cumulative distribution of the inter-event 
interval and the amplitude of the mEPSC. Zaprinast significantly inhibited the firequency 
CP < 0.001) of the mEPSCs (7B), while the amplitude of mEPSCs (p > O.Ol) was not (7C). 
The kinetics of mEPSCs was not affected by zaprinast (7D). Of 5 cells examined, 4 cells 
showed significant siq>pressions of mEPSC firequency in each ceUs (P < 0.01, KS-test). 

20 Membrane current was not induced by zaprinast Mp to 100 fjM (n = 2, Data not shown). 
These data suggest that zaprinast inhibited the excitatory transmission prei^ynapticaUy. 
Eesult- Mechanism of the inhib ition nf mT< iPSC firequency by zaprinast 

In order to study whether this inhibition of the mEPSC induced by zaprinast was 
GPB35 agonism or PDE-B inhibition, we examined the effect of the compound A above, a 

25 selective PDE-5 inhibitoi; on the mEPSCs. The firequency and amplitude of mEPSC!s were 
not affected by the compound A of its concentration from 20 nM up to lOpM (Fis* 8). Since 
tins no inhibitory effect of the compound A was also confibntned in the SG neurons whose 
firequency of mEPSCs was reduced by the application of zaprinast of IOjjM (n=2, Data not 
shown), the compoxmd A and zaprinast are quite different fcom their mode of action on 

30 mEPSCs. These results indicate that zaprinast woiild exert its inhibitory effect on mEPSCs 
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via 6PR35 agonism but not PDE5 mbiMtion. 
Result 

As described above, it has been demonstrated that electrophysiologicaL evidence 
that activation of GPI135 produced suppression in the release of excitatory neurotransmitters 
5 from the pres3niaptic terminals of excitatory intemeim)n. These presynaptic GPI135 may 
play an important role in the inhibitory controls of nocioeptive transmission at the spinal cord 
leveL 

Exawiplft 1 R' Tissue Distribution ofhuman GPR35 

10 Tbtal RNA samples used to synthesize templates are listed in Table 2. Reverse 

transcription was performed using SUPERSCRIPT Preamplification Systems (CLONTECH) 

f 

according to the attached protocol, lb ampMfy transcripts ofhuman GPR35, two nucleotide 
primers, the primer of Sequence ED. 16 and the primer of Sequence ID 17 were designed. 
Premix Taq Ex Taq Version (TaKaRa; RR003A) was used for PCR. PGR was performed in a 

15 voltune of 20 pi under the following program^ 94 **C for 4min>' 32 cycles of 94 ^'C for 20 sec, 65 
''C for 30 sec, 72 ""C for 60 sec; 72 ^"0 for 4 nun. The samples were analyzed by 
electrophoresis using 1% s^arose geL For a positive control, 1 pg of expression vector , of 
FLAG-ta^ed GPR35 was used. For an internal control^ GAPDH was amplified with the 
same procedure e^K^pt for annealing temperature (50 number of cycles (26 cydes) and 

20 primers (Sequence IDs 18 and 19). lb exclude the possibilLty of contamination of genomic 
DNAto the templates, e^eriments without reverse transcription (in absence of Superscript 
n reverse transcriptase) were performed, and no amplifications were observed except for 
positive controL 



Tissue 


Maker 


Catalogue # 


Conc.(^MJ) 


Trachea 


CLONTECH 


#K4000-1 (Human Panel 1) 


1.00 


Heart 


CLONTECH 


#K4001-1 (Human Panel II) 


1.00 


Kidney 


GIBCO BRL 


11410-016 


2.50 


Adrenal grand 


CLONTECH 


64016-1 


1.00 


Stomach 


CLONTECH 


#K4000-1 (Human Panel 1} 


1.00 
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Small intestine 


CLONTECH 


#K4001-1 (Human Panel II) 


1.00 


Colon 


CLONTECH 


#K4001-1 (Human Panel II) 


1.00 


Brain 


CLONTECH 


#K4003-1 (Human Panel IV) 


1.00 


Cerebellum 


CLONTTECH 


#K4003-1 (Human Panel IV) 


1.00 


Spinal cord 


CLONTECH 


#K4003-1 (Human Panel IV) 


1.00 


Dorsal horn 


ABS 


custom-made RNA 


0.95 


DRG 


ABS 


custonrHTiade RNA 


0.76 



Table 2. Listof total FINA used for RT-PCR. 



Tissue distribution of GPR35 in human was determined by RT-PCR (Pigure 9). 
Striking signals of GPR35 were observed in spinal cord (whole), (spinal) dorsal horn, DRG, 
5 brain, oerebeUum, small intestine and colon. On the other hand, little or no signal was 
observed in trachea, hearty kidn^, adrenal gland, and stomach. The internal control 
(GAPDH) was amplified equally with eacih template. Furthermore, it was confirmed that 
no amplified products were obtained by experiment without the reverse-transcription 
reaction (data not shown). These data show that GPR35 is mainly expressed in the nervous 
10 system, small intestine and colon. 



TCvfiTwplft 1 r: TLbbub Distribution of rat GPR35 

Rat DRG and spinal cord were extracted &om a l(hweek-old pregnant female 
Sprague-Dawley rat sacrificed by CO2 (all animal care and sample collection were approved 
15 by the Research Ethics Committee). The tissues were extracted in 1 ml of ISOGEN 
(Nippon Gene), and total RNAs were purified according to attached protocol Other total 
RNAs were purchased from BD dontech or UNITECH. They are summarized in Table 3. 



Tissue Maker Catalogue # 

Brain CLONTECH (BD) 64075-1 

Cerebellum UNITECH 203 

Cerebmm UNITECH 202 

Skeletal muscle UNITECH 215 
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uterus 


UNITECH 


213 


Heart 


UNITECH 


205 


Lung 


UNITECH 


206 


Liver 


UNITECH 


208 


Bladder 


CLOI^TTECH (BD) 


64077-1 


Stomadi 


UNITECH 


207 


Small intestine 


UNITECH 


211 


Colon 


CLONTECH (BD) 


64066-1 


DRG 


Pruned in tills study 




Spinal cx3Pd 


Prepared in this study 





Table 3. List of total R^^IAs of rat used in this study 



lb generate first-strand cDNA templates for ET-PCE, 5 ng of total ENA OBsted in 
Table 3) was reverse-transcribed by SUPERSCRIPT Preamplification Systems (GIBCO 
5 BRI/Envitrogeix) accordii^ to the attached protocoL lb exclude the possibility of 
contamination of genomic DNA to the templates, a series of samples without Superscript 11 
RT (-RT) were prepared in parallel as negative controls. Twentieth of the each 
reverse-transcribed sample was used as template for subsequent PGR Tb amphj^ rat 
GPR35 by RTPCR» two primers (Sequence Ids 20 and 21) were desired according to 

10 nucleotide sequences of rat GPR35. Mixtures for PGR were prepared using LATaq with GG 
Buffer (TaKaRa; RR02AG) according to 'general iceaction mixture for PGR* described in the 
attached protocol. PGR for rat GPR35 was performed imder the following condition^ 94 ""G for 
4 min; 35 cycles of 94 ^G for 20 sec, 58 °G for 30 sec, 72°G for 1 min; 72''C for 4 min. For 
internal controls of reverse transcription, GAPDH was amplified with the same procedure 

15 except for cyde number (30 cycles) and primers Sequence IDs 22 and 23). Afl;er PGR^ 10 pi 
of each sample was separated by electrophoresis, and DNAs were visualized by ethidixmi 
bromide staining. 

Tb determine tissue distribution of rat GPR35, RT-PCR analj^is was performed. 
Predominant expression in digestive system (colon, small intestine, stomach) and DRG were 
20 observed (Figure 10). This result is consistent with a previous study in htiman GPR35. 
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TransientLy or stably transfected cells expressing GPK35 are harvested by scrapiag 
(24*72 hoiurs after the transfedion in the case of transient transfection) and resuspended in 50 
5 ml of ice-cold HEPES bxafifer (pH7.4) (containing 0.32 M Sucrose, lOmM EDTA, lOmM MgCla). 
The resultii^ suspension is centiifL^ed at 48,000 g, 4**C for 30 minutes. The resulting pellet 
is resuspended in the same bi2£5er and centrifiigation described above is repeated. The 
resulting pellet Ocnembrane fractiol]) is suspended in an appropriate volume of an assay buffer 
and preserved at -80 ^'C, The protein concentration is determined via Bradford's assay 

10 (Biorad), according to the manufecturer's recommendations. 

The membrane fraction containing 50 |ig proteia is then incubated with various 
potential ligands, radiolabeled to high specifLc activity, for about 30-120 minutes at room 
temperature (the optimal conditions, ion concentrations, incubation time and temperature 
can be determined for each ligand with our undue difBcxiUy according to technical knowledge 

15 weU known to those skilled in the art). Reaction solution is filtrated by suction filtration 
using SKATRON cells harvester when the reaction ends. Right after filtration, the filter is 
washed by the assay buffer three times. Wallac GF/B filter is immersed in 0.3% (v/v) PET 
(Polyethyleneimine; S^ma) for 1 hour before use. The GF/B fiOLter is dried after washing and 
bound radioactivity on Filtermats is determined using a liquid scintillation counter. The 

20 ^dfic binding is defined as the difference between total radioactivity bound minus the 

radioactivity measured in the presence of an excess of tmlabeUed ligand Mock-transfected 
cells are also measured to assess whether the host cells express receptors for the ligands used 
endogenously. 



25 Example 18* Gastric emptying rate 

lb evaluate the involvement of GPR35 in gastric emptying rate, male Crj^SDdGS) 
rats (Charles River Japan, Inc., 200-270 g) were vised after fosted overnight. Drugs were 
administered to rats as summarized in Table 4 below, and after the administration of the 
drugs, a semi-sohd meal (methylcellulose- 7 g, glucose- 7.5 g, cornstarch" 9 g, casein-' 15 g in 

30 275 ml of water; hereinafter "test meal") was given orally by 3 ml/head. 
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Daig 


Dose 
(mg/kg) 


Number of 
rats 


Time when drug was 
administered (prior to the 
administration of test meal) 


Experiment 18-1 


(Vehicle) 


- 


7 


15 min prior 




Zaprinast 


0.01 


7 


15 mfn prior 




Zaprinast 


0.1 


6 


15 min prior 




Zaprinast 


1 


6 


15 min prior 




Cisapride 


3 


7 


15 min prior 


Experiment 18-2 


(Vehicle) 


- 


6 


15 min prior 




Zaprinast 


10 


5 


15 min prior 




Zaprinast 


30 


5 


15 min prior 




Zaprinast 


100 


5 


15 min prior 




Cisapride 


3 


8 


15 min prior 


Experiment 18-3 


(Vehicle) 




6 


5 min prior 




Compound A 


30 


6 


5 min prior 



Table 4. Application of Drug 



Thirty minutes after test meal was given, the rats were sacrificed with CO2. The 
5 stomach was removed and weighed CWeight A"). The stomach was opened and rinsed with 
saline, and weired again ('Weight B"). 'Weight of the stomach content" was calcidated as 
the difference between them CWei^t A"-'Weight B'O "Gastric emptying rate" was 
calculated hy the following formula 

10 "Gastric emptying rate" (%) 

=100 X CWeight of given test meal "-'Weight of the stomach content') / (Weight of given 
test meal) 

Zaprinast was purchased from Sigma CSt Loxris, MO, USA). Cisapride, a positive 
15 control, and Compound A (see Example 13), a selective PDE5 inhibitor were synthesized at 
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Pfizer. Drugs were sxispended with 0.1% methyloellubse solution and administered orally. 
In the table above, *'\^hicle'' means 0.1 % methylceUulose solution. Dose of drugs or vehicle 
was 6mL/kg for the Experiment 18' 1 and 18'-2, and 2ml/kg for the Experiment 18*3. 

Data were presented as mean ± SEM. The comparison between the control 
group and the drug^eated group was carried out by Dimnettfs test or Student's t-test. P 
values of less than 0.01 were regarded as significant 

•Figure 11 shows the result of Experiment 18-1 and 18-2. Zaprinast, a GPR35 
agonist, delayed rat gastric emptying ability in a dose dependent manner when orally 
administered by 1-lOOmg^g. This delaying effect was statistically significant. In the figure, 
it can be deemed that negative "gastric emptying rate" is due to tiiat gastric emptying ability 
was inhibited and that gastric jmces and the like secreted remained in stomach resulting in 
stomach content overweighing test meaL 

Figure 12 shows the result of Experiment 18-3. This experiment was conducted 
to observe the effect of PDE 5 inhibitor, compound Aon rat gastric emptying ability in order to 
confirm that rat gastric emptying ability is realized by s^onism of GPR35, becaiise Zaprinast 
is an agonist of GPR35 as well as an antagonist of PDE5. Compoxmd A enhanced rat gastric 
emptying ability and this enhancement was statistically significant. Therefore, it can be 
concluded that iohibition of gastric emptying ability caused by Zaprinast is realized by 
agonismofGPR35. 

As discussed above, £^nism of GPR35 will inhibit rat gastric emptying ability. 
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